solar maximum conditions the polar vortex tends to be weaker and warmer during QBO westerlies than during QBO easterlies.
To date, no completely viable physical mechanism has been proposed which can satisfactorily explain the observed "switch" of sign of the relationship between the equatorial QBO and the extratropical stratosphere from solar minimum to maximum. As originally speculated by Hines [1974] , one possible mechanism for transmission of solar-induced perturbations in the zonal mean dynamics from the upper stratosphere downward is a modification of properties of upwardly propagating planetary waves. Indeed, recent general circulation model (GCM) experiments [e.g., Haigh, 1994; Shindell et al., 1999] show that UV absorption changes the upper stratospheric zonal wind, which in turn affects planetary wave propagation and hence circulation in both the stratosphere and troposphere. However, the amplitudes of the modeled variations in both the upper and lower stratosphere were significantly less than those estimated observationally. Similarly, although GCM experiments involving a simulated equatorial QBO, con-1996; Hood, 1997] as well as the polar stratospheric signal discovered by Labitzke and van Loon [1988] .
In the present study, we apply cross-spectral analysis to the solar and equatorial zonal wind data and report new statistical evidence for a decadal modulation of the equatorial QBO. In particular, we show that long-term proxies for solar ultraviolet flux contain a significant oscillation at periods between 25 and 30 months, approximately equivalent to the mean QBO period, and that the amplitude of this solar spectral component tends to be larger under solar maximum than under solar minimum conditions. We also report cross-spectral analyses demonstrat ;'•'• •;g'•;•-•'• coherency between the solar flux and equatorial zonal wind time series over the 1957-1999 time period. In section 2 we describe the data and spectral analysis method used. In section 3 we discuss the observed decadal variability of the equatorial QBO. In section 4 we investigate the presence of a 25-30-month spectral peak in different solar flux proxy records. In section 5, the mean squared coherency and phase lags between the solar flux and equatorial zonal wind time series are calculated. Finally, in section 6 a composite analysis of the equatorial zonal wind is performed for the case of possible 11-year solar forcing. We demonstrate that mean vertical profiles of the equatorial westerlies and easterlies are different between solar minimum and maximum conditions.
Data and Method of Analysis
We use monthly mean data of the equatorial zonal wind at 50, 40, 30, 20, and 10 hPa from the Free University of Berlin (B. Naujokat, personal communication, 2000), for the period from January 1957 to December On the basis of monthly geopotential height data at 5, 2, and i hPa from the National Center for Environmental Prediction (NCEP) (S. Zhou, personal communication, 1999) we have also calculated equatorial zonal wind at these levels for the period from January 1980 to December 1997, using a curvature approximation of the gradient wind equation [e.g., Randel, 1992] . Power spectra for these upper levels (not given here) also exhibit prominent peaks near the QBO period, although at 1 and 2 hPa the variance corresponding to the annual and especially to the semiannual oscillations becomes even larger than that corresponding to the QBO period.
The solar data used in this study are monthly mean values of the 10.7-cm solar radio flux (in 10-22 W m -2 [1968] . Spectra of different kinds (autospectra, cross spectra, coherency spectra, and phase spectra) have been estimated. For the smoothing of spectral estimates the Parzen spectral window was used, as this window yields a minimum variance as compared to other widely used spectral windows [Jenkins and Watts, 1968 
Composite Analysis of the Equatorial Zonal Wind
In the present section, we carry out a composite analysis of the equatorial westerlies and easterlies in order to find possible changes in the vertical profile of zonal wind associated with l 1-year solar forcing. For this purpose, band-pass-filtered data of the 10-to 70-hPa equatorial zonal wind, which have already been analyzed in section (Table 1) . In all three plots the "zero" point of the westerly phase starts from 10 hPa.
5, were divided into periods of maximum and minimum phases of the l 1-year solar cycle according to the values of the 10.7-cm solar radio flux. Data representing four solar maxima and four solar minima were analyzed here (Table 1) . For each solar extremum, two westerly and two easterly phases of the equatorial zonal wind, each starting from the 10-hPa level and ending at the 70-hPa level, were considered. The QBO phases were divided into two groups, as shown in Table 1 . Group 1 represents those phases of the equatorial zonal wind which occurred either in the beginning of a given solar extremum or in the vicinity of its maximum. Group 2 represents those phases of the equatorial zonal wind which took place when a solar extremum was already in its declining phase. Thus cases belonging to the latter group are characterized by a 1-2-year phase lag after a corresponding solar extremum. 12a and 13a ) and under solar minimum conditions (Figures 12b and 13b) . The mean profiles were obtained by averaging eight westerly or easterly QBO phases (Table  1) . For such averaging, the eight westerly or easterly phases of the zonal wind were aligned in such a way that they all started from the same "zero" point at 10 hPa. Figures 12 and 13 
Conclusions
In this study, we have reported cross-spectral evidence for a possible response of the equatorial quasibiennial wind oscillation to solar variability occurring at periods of 25-30 months. Because the solar flux variations at this period are larger near solar maxima than near solar minima, it is possible that this form of solar forcing contributes to the apparent decadal modulation of the QBO reported by Salby and Callaghan [2000] .
As our analysis is a purely statistical one, we are not able to discern whether such a physical connection between solar variability and equatorial zonal wind on the 25-30-month timescale really takes place. However, the significant coherency at all stratospheric levels ( Figures  7 and 8) and, especially, the steady increase of the phase lag from the upper to the lower stratosphere ( Figures  9 and 10) 
